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The following should cover the entire project duration.

Summary of project objectives
(20 lines max)

The emphasis in the “EnviroChemistry on ECMWZF* Special Project at ECMWEF was primarily
on the evaluation and testing of the online integrated Enviro-HIRLAM (Environment — High
Resolution Limited Area Model) / HARMONIE modelling system and sensitivity analyses of the
feedback mechanisms for Numerical Weather prediction (NWP) and Chemical Weather Forecasting
(CWF). Two main application areas of the integrated modelling are expected to be considered: (i)
improved NWP with short-term feedbacks of aerosols and chemistry on meteorological variables,
and (ii) improved CWF with online integrated meteorological forecast and two-way feedbacks
between aerosols/chemistry and meteorology. Specific objectives focused on - short-term
episodes/case studies and chemical and physical weather forecasting for study of sensitivity of the
aerosol feedback effects on meteorology and air quality; long-term simulations for testing the
model for long-term effects and climate scenarios; for testing boundary conditions and chemical
data assimilation in Enviro-HIRLAM.

Summary of problems encountered
(If you encountered any problems of a more technical nature, please describe them here)

The SP project started with some delay (e.g. from Apr 2012). At the start, because of software and
hardware upgrade of High Performance Facility at ECMWF there were multiple technical
difficulties with model setup, testing and running. At the beginning, the realisation of some
experiments was going slower than expected due to complexity of the operational system
environment and lack of experience with the use of ECMWF HPC equipment.

Later (in 2013), due to the decision of the HIRLAM Consortium to move from the NWP HIRLAM
to the NWP HARMONIE platform, the focus started to shift toward building a new version of
online-coupled ACT-NWP model (after the Enviro-HIRLAM system) based on the HARMONIE
platform (AROMA-C or Enviro-HARMONIE). This work requires a lot of new model development
works, involvement of new collaborating groups originally not participated in the project (see
section Future plans).

Experience with the Special Project framework
(Please let us know about your experience with administrative aspects like the application
procedure, progress reporting etc.)

Reporting forms/ templates are freely available at ECMWF website, the corresponding notification
e-mails about status on project resources usage, updates of the ECMWF HPC system, and requests
for SP reporting were sent in due time.

Summary of results
(This section should comprise up to 10 pages and can be replaced by a short summary plus an
existing scientific report on the project.)

Reporting period 1: Apr 2012 — July 2012

Because the project started in April 2012 the reporting period includes only a few months of the
projects relevant activities. According to the plans the following processes, which are of importance
in NWP and CWF applications, are (or being) implemented in the Enviro-HIRLAM model:

¢ Implementation of simplified aerosol scheme for use in NWP models (in progress);

e Direct aerosol-radiation interactions including both short and long wave radiation (done);

e Semi-direct aerosol-radiation interactions (done);
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e Aerosol-cloud interactions with respect to precipitation and radiation (1% version done);
e Implementation of cold-phase microphysics into the STRACO cloud scheme and coupling to
the aerosol scheme (in progress).

New effective numerical scheme (a new mass conserving semi-Lagrangian version) was realised in
Enviro-HIRLAM (Sgrensen et al., 2012). Meteorological MACC/ECMWEF IFS and AQMEII
Phasel chemical boundary conditions were pre-processed and several test model runs were
performed. The new emission inventory for year 2010 next started to be pre-processed as well as
chemical boundary conditions from AQMEII Phase2 and further model tests. Implementation and
evaluation of new gas-phase chemistry in the Enviro-HIRLAM was done. A condensed version of
the CBMZ chemistry scheme has been implemented. The main difference to the original version is
a simplified organic phase. Preliminary results looked promising and the model was ready for
comprehensive testing. An extensive online integrated ACT-NWP model evaluation exercise is
being setup together with the AQMEII program, COST action ES1004 and MACC/ECMWEF (J.
Flemming).

Reporting period 2: July 2012 — July 2013

The prediction and simulation of the coupled evolution of atmospheric dynamics, pollutant
transport, chemical reactions and atmospheric composition will remain one of the most challenging
tasks in environmental modelling over the next decades, but is of great importance for air quality
assessment, climate change studies and weather forecasting as they all involve strongly integrated
processes. Meteorology and chemistry feedbacks are important in the context of many research
areas and applications, including numerical weather prediction (NWP), air quality (AQ) forecasting
as well as climate and Earth system modelling. For example, in NWP community it is recognized
that atmospheric composition can influence both weather and climate by directly changing the
atmospheric radiation budget or indirectly affecting cloud, fog, visibility, and precipitation
formation. However, the relative importance of online integration and of the priorities, requirements
and level of details necessary for representing different processes and feedbacks can greatly vary for
these related communities.

Following the HIRLAM development strategy and according to the project plans two main lines of

model developments and simulations were realised:

1. Further developments and sensitivity runs of the Enviro-HIRLAM online coupled ACT-NWP
modelling system (from the start of the project);

2. New testing and developments based on the HARMONIE modelling platform (starting 2013).

Enviro-HIRLAM: The main model testing and feedback sensitivity studies have been decided to
realise within the new initiative AQMEII Phase-2. The Air Quality Model Evaluation International
Initiative (AQMEII) aims to evaluate regional scale air quality models and to develop a common
evaluation framework across European and North American atmospheric modelling communities.
AQMEII Phase-2 focuses on inter-comparison of on-line coupled regional-scale models. Around 20
groups from EU (including Enviro-HIRLAM) and 4 from NA are participating in the second phase
with annual simulations for the years 2006 (NA) or/and 2010 (EU). Common chemical boundary
conditions from MOZART-IFS modelling system, anthropogenic emissions from TNO-MACC
database, forest fires emission by FMI and domain configuration (30W- 60E, 25N-70N at 0.25 X
0.25 horizontal resolution) are pre-defined and provided by AQMEII (Figure 1).

The COST Action ES-1004 “European framework for online integrated air quality and meteorology
modelling” (EuMetChem - http://eumetchem.info; Baklanov et al., 2013) is coordinating the
European models intercomparison effort within the AQMEII-Phase2 international initiative. The
main objectives are the intercomparision of on-line models to better understand the impact of
feedbacks on both meteorology and chemistry processes when ones solved in an integrated
approach. An extensive online integrated ACT-NWP model evaluation exercise is being setup
together with the AQMEII program, COST action ES1004 and MACC/ECMWEF (J. Flemming).
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Figure 1: (a) Annual anthropogenic PM, s emissions (in Mg/year) from road transport from TNO-MACC
database (resolution: 0.0625° x 0.12°); (b) IS4FIRES (http://is4fires.fmi.fi) forest fires total PM emissions (in
kg/s) for Jul 28, 2010 (resolution: 0.5° x 0.5°).

The following processes, which are of importance in NWP and chemical weather prediction, are (or
being to be) implemented in the model (Nuterman et al., 2013): i) implementation of simplified
aerosol microphysics M7 scheme for use in NWP models (done); ii) implementation of simple
tropospheric sulphur cycle chemistry, used with M7 only (done); iii) implementation of wet-/dry-
deposition schemes as well as sedimentation for both gases and aerosols for use in NWP models
(done); iv) aerosol activation scheme and cloud processing with respect to precipitation & radiation
(done); v) implementation of cold-phase microphysics into the STRACO cloud scheme and
coupling to the aerosol scheme (in progress).

Both the meteorological (ECMWEF-IFS) and chemical boundary conditions (IFS-MOZART) as well
as new emission inventory (TNO/MACC for AQMEII Phase-2) for the year 2009 were pre-
processed and several test model runs were performed.

For test runs, modelling domain, which covers Europe, Northern Atlantics and Western Russia
(69W- 78E, 26N-79N) was used. Horizontal grid resolution is 0.15° x 0.15° with 40 hybrid sigma
levels (up to 10 hPa). Simulations were performed with and without feedbacks (indirect effects). In
Figure 2 shows total particulate matter of size 2.5 um, total cloud cover and cloud water content and
difference contour plots (Enviro-HIRLAM - Reference HIRLAM) of total cloud cover and cloud
water content. In Figure 2ab, the highest PM, s concentrations are observed over North Sea (caused
mainly by sea salt emissions as well as oil extraction), UK and inland Europe around urbanized or
industrial areas. Figure 2cd shows cloudy areas with largest cloud water content over Atlantic,
Biscay Bay, and Northern Scandinavia and Central Europe. As seen from the Figure 2ef there is
cloud cover and cloud water content increase due to existence of natural and anthropogenic aerosol
which are activated and used as cloud condensation nuclei.

HARMONIE: additionally to the original plans the following testing and developments based on
the HARMONIE modelling platform (mostly based on an 1D version at start) were done by our
collaborators (e.g. PhD and MS students) from the Odessa State Environmental University, OSEU.

Summary of Results (July 2012 — July 2013)

The preliminary experiments with the MUSC model (1D single column version of HARMONIE)
have been performed. The focus was on the investigation of the interaction between aerosols and
physical atmospheric characteristics such as the solar radiation distribution and precipitation.
Different concentrations and types of aerosols by their origin were considered. Results have shown
that incoming solar radiation below of about 2000 m is absorbed more intensively by land aerosols
comparing with sea ones. The opposite behavior of absorbing properties was revealed in the middle
and upper troposphere due to the more homogeneous vertical distribution of marine aerosols. The
presence of aerosols leads to changes in precipitation rate and shifting in time events occurring.
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However, in higher humidity atmosphere effects of aerosols diminish due to increasing the role of
pure physical processes in the atmosphere.
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Figure 2: Concentration [in ppbm] of total PM, 5 at 500 m (a) and 1000 m (b); total cloud cover [on scale O-
1] (c) and cloud water content [in kg/m2] (d) at 500 m; difference contour plots (Enviro-HIRLAM —
Reference HIRLAM) of total cloud cover (e) and cloud water content (f) at 500 m; simulation was performed
for July 3, 2009 (with 2 day spin-up), 09 UTC.
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Reporting period 3: July 2013 — July 2014

Enviro-HIRLAM: During previous year, the following was implemented in the Enviro-HIRLAM
model: i) simplified aerosol microphysics M7 scheme; ii) simple tropospheric sulphur cycle
chemistry; iii) wet-/dry- deposition schemes; iv) sedimentation for both gases and aerosols; V)
aerosol activation scheme and cloud processing with respect to precipitation and radiation.

To perform analysis of atmospheric aerosol effects at fine spatial-temporal scales on clouds and
precipitation, the year 2010 was selected. That year, especially summer, was characterized by
severe weather events such as floods, heat waves and droughts across Middle East, most of Europe
and European Russia. The Enviro-HIRLAM (Environment — High Resolution Limited Area Model,
http://www.hirlam.org) model was employed for the analysis. It was forced by boundary and initial
conditions produced by ECMWEF IFS (http://www.ecmwf.int/research/ifsdocs) and MOZART
(http://www.acd.ucar.edu/gctm) models for meteorology (horizontal resolution - 0.15° x 0.15°) and
atmospheric composition (horizontal resolution - 1.125° x 1.125°), respectively. The Enviro-
HIRLAM modelling domain with horizontal resolution of 0.15° x 0.15° and 40 vertical hybrid
levels covers Europe, North of Sahara, and Central Russia. The model includes HAM-M7 aerosol
microphysics module (Vignati et al., 2004) and emissions from anthropogenic sources by TNO
(Kuenen et al., 2011) and from wildfires by FMI (http://is4fires.fmi.fi) as well as interactive sea-salt
(Zakey et al., 2008) and dust (Zakey et al., 2006) emissions.

For ground-based PM; s, the Enviro-HIRLAM model was evaluated for Jun 2010 vs. observations
from EU AirBase air-quality network (http://acm.eionet.europa.eu/databases/airbase), with a
number of stations located in Denmark, Sweden, Germany and Spain (see Fig. 3a). Fig. 3b shows
correlation coefficients on a diurnal cycle for PM, 5 concentrations at selected measurement sites. In
general it shows a fairly good positive correlations (more than +0.3), except for several Spanish
stations (such as ES1938A at daytime, and ES1974A - at nighttime).
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Figure 3: (a) Map of selected AirBase air-quality monitoring stations
(http://acm.eionet.europa.eu/databases/airbase/) across Europe; (b) PM, s correlation coefficient on diurnal
cycle for selected AirBase observation stations.

The model predicts well PM,s day-to-day variability, but always has negative bias (Fig. 4). This
underprediction is due to several reasons: i) simple aerosol microphysics without secondary organic
aerosols; ii) partitioning of ammonium nitrate; iii) crude model resolution, which still cannot
capture small-scale effects like complex orography and urbanized regions (in particular, due to lack
of fine-resolution emissions from anthropogenic sources, like urban traffic). For instance, the model
shows negative bias of PM,s during daytime at Danish urban station (Fig. 4a) apparently due to
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crude model resolution. It was also found that PM,s value is very influenced by changes in
atmospheric stability conditions, which difficult to predict accurately in many NWP models. This
can be observed from correlation coefficient decrease at stations during nighttime (at 03 UTC) or
from underestimation of elevated concentrations. In spite of these issues, the model can well
reproduce diurnal cycle of aerosols at different sites (urban (Fig. 4a, coastal and rural (Fig. 4b)) and
shows overall good performance.
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Figure 4: Error-bar concentrations [ug/m*] on diurnal cycle for AirBase observations vs. Enviro-HIRLAM
modeling results; (a) Danish urban station and (b) German rural station; Right top corner indicates
maximum and average correlation coefficients for the station as well as total number of analysed
observation samples; Green numbers along X axis indicate number of observation samples per time slice.

For aerosol-cloud interactions, these were estimated also for Jul 2010 by means of delta function,
i.e., difference between outputs of models: Enviro-HIRLAM with aerosol-cloud interactions (ENV)
and Reference-HIRLAM (REF). During previous month June, there were several heat waves over
Western and Eastern Europe followed by heavy precipitation events in Switzerland, Germany and
Poland. Fig. 5a shows deltas (ENV-REF) of total cloud cover over model domain, which is mainly
increased (with local maxima up to 90%) except several inland areas (such as Finland, borders of
Germany, Poland and Austria), where cloud cover decreased by almost 10 fold. The ENV runs
revealed the increase of average cloud top height by approximately 2%. The delta function of cloud
water content at average cloud base shows (Fig. 5b) its increase compared to REF and local maxima
over North Atlantic, North Sea, Sweden, Switzerland, and Austria. These areas are occupied by
precipitating clouds as seen in Fig. 6.
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Figure 5: Delta (Enviro-HIRLAM — Reference-HIRLAM) of vertically integrated total cloud cover [%] (left)
and cloud water content [kg/kg] (right) at average cloud base (667 m) on 17 Jul 2010, 18 UTC.
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The absolute frequencies of stratiform and convective precipitation over computational domain are
decreased compared to REF model, while the amount of convective precipitation during heavy
precipitation events is increased. Hence, the wet deposition of particles decreases in summer
because it rather depends on precipitation frequency than on its amount. The REF model run tends
to overpredict both frequency and amount of precipitation. The inclusion of aerosol-cloud
interactions can improve general model performance, i.e., the ENV run bias for precipitation with
respect to its frequency and amount has been decreased compared to REF model run (Fig. 6).
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Figure 6: Accumulated (3 hour) precipitation patterns from Reference-HIRLAM (REF) and Enviro-HIRLAM
with aerosol-cloud interactions (ENV) on 17 Jul 2010, 18 UTC: stratiform precipitation: (a) — REF, (b) —
ENV.

For birch pollen studies, the domain covering Europe and having 15-km horizontal resolution was
selected, and several cases studies for year of 2006 were performed with the Enviro-HIRLAM
model. The corresponding domain with fractions (%) of birch trees is shown in Fig. 8a. This
Figure/map is a result of combining three GIS databases: 1) Tree Species Inventory (TSI) (Skjath et
al., 2008), 2) European Forest Institute (EFI) (Paivinen et al., 2001), and 3) Global Land Cover
(GLC). The air temperature sum thresholds (in degree-days) for the start of flowering season are
shown in Fig. 7a, and the temperature sum thresholds for the end of flowering season are shown in
Fig. 7b. Note that data were plotted for each grid cell containing fraction of birch forest. An
example of Enviro-HIRLAM run is shown in Fig. 8b. For this run, the temperature threshold for the
start of the season was equal to 60 degree-days (e.g. 1440 degree-hours) for the entire domain.
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Figure 7: Accumulated temperature sum thresholds for the (a) start & (b) end of the birch flowering season.
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Figure 8: (a) fraction of birch trees, & (b) birch pollen concentration (grains/m3) on 6 May 2006, 15 UTC.

HARMONIE: During reporting period the further development, integration, testing, and
optimization continued for aerosol module in the HARMONIE modelling system. After that a series
of numerical experiments for case studies and episodes with updated aerosol data was carried out.
Analysis of convective cell life-time with the focus on aerosol impact on physical variables such as
temperature, water mass content, precipitation rate, heat and mass fluxes, vertical speed, etc. was
performed. In particular, numerical experiments (for Aug 2010 over Finland) with aerosol-physics
interactions were performed including climatological and zero values as well as increased black
carbon and organic matter content. The comparison of results with zero aerosol concentrations vs.
climatological values is given in Figs. 9-10. Analysis shows presence of aerosols changes for most
of atmospheric fields such as for temperature, humidity, cloud cover, precipitation, short- and long-
wave radiation fluxes through the troposphere. The most visible effect from aerosols is an increase
of cloud cover mainly in the lower part of atmosphere accompanied by decrease of precipitation
rate. This confirms well known fact that aerosols serve as CCNs, with following changes in
radiation processes. Note, the impact is observed in a form of meso-scale non-homogeneity in the
domain and associated with specific areas of synoptic patterns. Non-linear and multi-level response
in meteorological variables can occur due to a chain of interactions. The generated model output
with hourly temporal resolution could allow to track evolution and life-cycle of synoptic systems as
well as to account changes in heat and mass fluxes due to the aerosol impact.
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Figure 9: Differences between HARMONIE runs with zero vs. climatological aerosol concentrations for (a)
air temperature and (b) specific humidity at 850 hPa level on 10 Aug 2010, 00 UTC
/blue — negative, and red — positive/.
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Figure 10: Differences between HARMONIE runs with zero vs. climatological aerosol concentrations for (a)
total cloud cover and (b) rain water at 850 hPa level on 10 Aug 2010, 00 UTC
/blue — negative, and red — positive/.

Summary of Results (Jul 2013 — July 2014)

Enviro-HIRLAM: The preliminary fine-scale NWP-ACT model runs showed that the atmospheric
aerosol substantially influence both total cloud cover and cloud water content leading to increase of
their amounts. The average cloud top height has the same tendency as well. Future urbanization and
industrialization in Europe will cause more emissions of anthropogenic aerosols. As a result, the
absolute precipitation frequency will decrease, while the precipitation during heavy rains, for
instance after heat weaves, will likely to increase its amount. The atmospheric aerosols scavenging
will decrease, because it rather depends on the precipitation frequency than on its amount. The
influence of greenhouse gases on clouds and precipitation was not considered because the time-
scales of the model runs are not large enough to see any effects from long-term changes in the
atmospheric composition.

HARMONIE: The installing and exploring of full 3D HARMONIE model with the AROME
physics on the ECMWEF platform was done. Numerical experiments over the North Atlantic -
European domain, according to AQMEII evaluation requirements, have been run. Results of these
experiments showed prominent influence of aerosols on majority of physical atmospheric variables
in the model forecasts. The impact appears in a form of irregularly distributed meso-scale patterns
with opposite signs. In particular, after 5-day integration the deviation in temperature within these
patterns increased up to 7-10 K, vertical speed changed by 3-5 cm/s, precipitation varied depending
on a rain-rate. Aerosols can lead to increased heavy precipitation, while tend to smooth weaker
rains. Integrated analysis revealed a complex set of interactions and feedbacks between aerosols,
radiation processes, vertical profiles, convective regimes, which lead to changes in a life-cycle of
cloud and precipitation systems.

Reporting period 4: July 2014 — December 2014

Enviro-HIRLAM: During the last 6 month period, the online integrated Enviro-HIRLAM model
was run (for selected months of 2010 for the Northern Hemisphere and European domains) to study
dynamic interaction of aerosols and meteorology in Nordic conditions. For pollen applications,
additional model evaluation was performed for spring 2006 flowering season, with further
improvements of birch pollen emission module and accumulated air temperature threshold sums for
start of the pollen season.

The analysis of atmospheric aerosol effects at fine spatial-temporal scales on clouds and
precipitation was performed for year 2010 (which was characterized by severe weather events such
as floods, heat waves and droughts across Middle East, most of Europe and European Russia). The
Enviro-HIRLAM (Environment — Hlgh Resolution Limited Area Model; http://www.hirlam.org)
model was employed for the analysis. It was forced by boundary and initial conditions from models

June 2015 This template is available at:
http://www.ecmwf.int/en/computing/access-computing-facilities/forms


http://www.hirlam.org/

ECMWF IFS (http://www.ecmwf.int/research/ifsdocs) and MOZART
(http://www.acd.ucar.edu/gctm) for meteorology (horizontal resolution - 0.15° x 0.15°) and
atmospheric composition (horizontal resolution - 1.125° x 1.125°), respectively. The Enviro-
HIRLAM modelling domain with horizontal resolution of 0.15° x 0.15° and 40 vertical hybrid
levels covers Europe, North of Sahara, and Central Russia. The model includes HAM-M7 aerosol
microphysics module (Vignati et al., 2004) and emissions from anthropogenic sources by TNO
(Kuenen et al., 2011) and from wildfires by FMI (http://is4fires.fmi.fi) as well as interactive sea-salt
(Zakey et al., 2008) and dust (Zakey et al., 2006) emissions.

For ground-based PM;s, for European domain the Enviro-HIRLAM model was evaluated vs.
observations from EU AirBase air-quality network (http://acm.eionet.europa.eu/databases/airbase).
In general, the model predicts well PM,s day-to-day variability, but mostly has negative bias. For
aerosol-cloud interactions, these were estimated also for Jul 2010 by means of delta function, i.e.,
difference between outputs of models: Enviro-HIRLAM with aerosol-cloud interactions and
Reference-HIRLAM (REF). The REF model run tends to over-predict both frequency and amount
of precipitation.
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Figure 11: Frequency distribution of stratiform precipitation (a) and convective precipitation (b).
Comparison of 1-moment (REF-HIRLAM) and 2-moment (Enviro-HIRLAM with cloud-aerosol interactions)
cloud STRACO schemes.
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Figure 12: Spatial distribution of aerosol (PM2.5) patterns in the surface layer for the HIRLAM (a)
reference and (b) Enviro- runs at 17 Jul 2010, 15 UTC for studying aerosol-cloud interactions over the
European domain.
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The inclusion of aerosol-cloud interactions can improve general model performance, i.e., the
Enviro- run bias for precipitation with respect to its frequency and amount has been decreased
compared to REF model run. The absolute frequencies of stratiform and convective precipitation
over computational domain are decreased compared to REF model run (see Fig. 11), while the
amount of convective precipitation during heavy precipitation events is increased. Hence, the wet
deposition of particles decreases in summer because it rather depends on precipitation frequency
than on its amount. Therefore, the concentration of PM2.5 is increased over areas with decreased
precipitation of both forms, although larger for the stratiform clouds (see Fig. 12).

For birch pollen studies, the Enviro-HIRLAM-POLLEN model runs were performed to simulate
birch pollen concentrations for Northern European domain (118 x 118 grid horizontal points; 40
vertical hybrid levels) at 0.135° horizontal resolution. Birch pollen module is an integral part of the
Enviro-HIRLAM modelling system, and the module consists of spatial birch forest habitat map,
emissions from local pollen sources, atmospheric transport, diffusion, gravitational settling and
scavenging of particles in the atmosphere. Birch pollen emission parameterization is meteorology-
dependent and based on correcting dimensionless functions (Sofiev et al., 2012). The main
meteorological parameters influencing the birch pollen emission are air temperature at 2 meter,
relative humidity at 2 meter, wind speed at 10 meter and accumulated precipitation.

TSI (Skjath et al., 2008) is represented by 39 types of tree species (birch, oak, alder, etc.), and it is
based on national forest inventories and national statistics. Birch forest fraction within broadleaved
forest layer with 50 km horizontal resolution was used for the analysis (Fig. 13a). Several layers
such as land-mask, forest, vegetation, urban territory (from GLC), broadleaved forest (from EFI)
and birch forest fraction in broadleaved forest (from TSI) have been extracted from these databases,
recalculated for the domain as a weighted mean and combined for correct assessment of birch forest
fraction in each grid cell. The calculated spatial birch forest distribution map is shown in Fig. 13b.
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Figure 13: (a): Spatial distribution of birch forest fraction within broadleaved forest (Tree Species
Inventory); (b) birch forest fraction calculated for the modelling domain.

The model results for pollen episode in 2006 were compared with observations for two Northern
European sites in Finland: Helsinki and Turku (see in Fig. 14). Preliminary evaluation for both
modelled and observed birch pollen concentrations showed extremely high values (daily averages
more than 1000 grains/m®), and especially during 5-12 May 2006 episode for the Northern
European stations. This phenomenon can be explained by high number of birch male catkins,
favourable meteorological conditions for local birch pollen emissions as well as long-range
transport of birch pollen particles from remote regions during the spring period of 2006. Although
the modelled results reflected the overall general shape of changes in pollen concentration during
the episode studied, some underestimation of modelled concentrations is visible, especially for the
occurrence of maximum concentration.
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Figure 14: Birch pollen concentrations observed (red) vs. modelled (green) at two Finnish sites: (a) Helsinki
(60°10° N and 24°54“ E), (b) Turku (60°32° N and 22°28* E).

EmiroHilam  ———

HARMONIE: The focus was at high-resolution simulations of meso-scale synoptic patterns
accompanied by cloud systems and moderate precipitation over a domain, where the radar data will
be available. For these studies, the radar reflectivity measurements (accumulated during the BaltRad
experiment) allowed investigating pre-conditions, developing and life-cycle of cloud and
precipitation systems in interaction with chemical environment and associated radiation/energy
transformations. Additionally, the development of a part of the code and associated scripts for
successive assimilation of aerosols from the MACC monitoring system (https://www.gmes-
atmosphere.eu/) were continued.

The role of aerosols in atmospheric processes was investigated by comparing fields of
meteorological parameters from different experiments. Results showed that including aerosols can
lead to changes in most of physical atmospheric fields, such as air temperature, relative humidity,
vertical velocity, cloud cover, precipitation, short-wave and long-wave radiation fluxes through the
low and middle atmosphere. A complex influence of aerosols on a whole troposphere and seen
cross-chains of links between various characteristics was studied. In particular, at first, aerosols can
change radiation fluxes both short- and long-wave, which in turn alter the vertical profile of air
temperature and humidity, then modify vertical velocity and stratification and finally influence
cloudiness. On the other hand, aerosols are accumulating water and hence, shifting a precipitation
phase. Also, changes in water content in the atmosphere affect radiation fluxes closing the chain. So
far, model simulations with/without aerosols showed their role as a trigger-link, which generates the
above chain of interactions between physical atmospheric variables.

A feature of the aerosol impact on physical fields is observed in a form of intermitting meso-scale
deviations with opposite signs. This occurs despite of a homogeneous or smoothly changing cover
of aerosols over the domain and they are similar to the Bernard cells. The short-wave radiation is
increased at the top of the atmosphere by extra ~100 W/m2, while it is decreased near the surface
by extra ~200 W/m2 (see Fig. 15), while the long-wave radiation is less sensitive to aerosols at a
clear sky conditions. However, this becomes tentative at a front lines/zones and cloudy areas. The
changes in radiation fluxes prevail over the land surfaces, while over the ocean surface it mostly
relates to areas of interactions between mid-latitude and tropical air masses having different thermal
characteristics. For example, a large area of decreasing short-wave radiation near the surface over
the Sahara desert points to strong influence of dust particles by its scattering and absorption of solar
radiation.
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Figure 15: Example of difference fields (climate aerosols — no aerosols) of short-wave radiation fluxes
simulated by the HARMONIE model (a) at the top of the atmosphere and (b) near the surface.

Summary of Results (Jul 2014 — Dec 2014)

Enviro-HIRLAM: The model runs showed that the atmospheric aerosols can substantially
influence formation and development of meteorological fields on region-to-urban scales. Future
expansion of urban areas in Europe will cause more emissions of anthropogenic aerosols. As a
result, the absolute precipitation frequency will decrease, while the precipitation during heavy rains
will likely to increase its amount. The atmospheric aerosols scavenging will decrease, because it
rather depends on the precipitation frequency than on its amount. Results showed, that birch pollen
(as biological aerosol) can be predicted at some degree of accuracy with a general shape of
observed changes in concentration and with underestimation of predicted concentrations (and
especially for the occurrence of maximum concentration).

HARMONIE: The model experiments (with aerosol module) have shown that aerosols can
influence most of meteorological variables. The impact occurs through a complex chain of
interactions between the radiation, air temperature, humidity, stratification, vertical motions,
cloudiness, and precipitation. Aerosols play in that chain a role of a “trigger”. However, they work
in a different manner depending on a type of aerosol and a synoptical pattern. Major changes occur
in the boundary layer and along the frontal zones with high gradients at all vertical levels. The
perturbations appear in a form of meso-scale cells growing with a time, while domain averaged
deviations are oscillating around zero. Concerning precipitation, the aerosols affect mainly weak
rates by changing their life-time. Note, a proper accounting of aerosols for precipitation forecasting
requires accurate information about their concentration, distribution, and evolution. Further
investigation of aerosol contributions/impact is needed, and especially, at a short time step to study
detailed evolution of the life-time of a single precipitation cell.

List of projects that benefited from the Special Project

This Special Project also contributed to the following EU and national research projects:

e HIRLAM-B (http://hirlam.org);

e COST Action EuMetChem ES1004 “European framework for online integrated air quality
and meteorology modelling” (http://eumetchem.info);

e FP7 EU MEGAPOLI “Megacities: Emissions, urban, regional and Global Atmospheric
POLIlution and climate effects, and Integrated tools for assessment and mitigation”
(http://megapoli.info);

e FP7 EU MACC *“Monitoring of Atmospheric Composition and Climate”
(https://www.gmes-atmosphere.eu);
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e FP7 EU PEGASOS *“Pan-European Gas-AeroSOls-climate interaction Study”
(http://pegasos.iceht.forth.qgr);

e FP7 EU TRANSPHORM *“Transport related Air Pollution and Health impacts - Integrated
Methodologies for Assessing Particulate Matter” (http://www.transphorm.eu);

e CEEH “Danish strategic research Center for Energy, Environment and Health”

(http://ceeh.dk);
e AQMEII “Air Quality Model International Initiative” Phase 2
(http://agmeii.jrc.ec.europa.eu).

List of publications/reports from the project with complete references

Alapaty K, R. Mathur, J. Pleim, Ch. Hogrefe, S. T. Rao, V. Ramaswamy, S. Galmarini, M. Schaap, R.
Vautard, P. Makar, A. Baklanov, G. Kallos, B. Vogel, R. Sokhi (2012) New Directions: Understanding
Interactions of Air Quality and Climate Change at Regional Scales. Atmos. Enviro., 49: 419-421

Badia Alba, Oriol Jorba, Roman Nuterman, Alexander Baklanov, Jose Maria Baldasano (2013) Model inter-
comparison study between NMMB/BSC-CTM and Enviro-HIRLAM on-line systems contributing to the
AQMEII-Phase? initiative. ITM Conference proceedings, Maimi, Florida, USA.

Baklanov A., U. Korsholm, R. Nuterman, K. P. Nielsen, B. H. Sass, A. Mahura, A. Rasmussen, B. Sgrensen,
E. Kaas, I. Gonzalez-Aparicio, A. Mazeikis, A. Kurganskiy, E. Morozova, S. lvanov, Y. Palamarchuk, A.
Zakey, J. Chenevez, A. Gross, K. Lindberg (2014): Enviro-Hirlam online integrated meteorology-
chemistry modelling system: strategy, methodology, developments and applications. Abstracts of the Air
Quality Conference, Mar 2014, Garmish, Germany; p. 10.

Baklanov A., V. Bondur, Z. Klai¢, S. Zilitinkevich (2012) Integration of geospheres in Earth systems:
Modern queries to environmental physics, modelling, monitoring and education. Geofizika, 29 (1), 1-4.
Baklanov, A., B. Vogel, and S. Freitas (Editors): Coupled chemistry—meteorology modelling: status and
relevance for numerical weather prediction, air quality and climate communities (SI of CCMM and
EuMetChem COST ES1004). Special issue jointly organized between Atmospheric Chemistry and

Physics and Geoscientific Model Development journals, no 370, 2015.

Baklanov, A., Schluenzen, K. H., Suppan, P., Baldasano, J., Brunner, D., Aksoyoglu, S., Carmichael, G.,
Douros, J., Flemming, J., Forkel, R., Galmarini, S., Gauss, M., Grell, G., Hirtl, M., Joffre, S., Jorba, O.,
Kaas, E., Kaasik, M., Kallos, G., Kong, X., Korsholm, U., Kurganskiy, A., Kushta, J., Lohmann, U.,
Mahura, A., Manders-Groot, A., Maurizi, A., Moussiopoulos, N., Rao, S. T., Savage, N., Seigneur, C.,
Sokhi, R., Solazzo, E., Solomos, S., Sgrensen, B., Tsegas, G., Vignati, E., Vogel, B., and Zhang, Y.,
2013: Online coupled regional meteorology-chemistry models in Europe: current status and prospects,
Atmos. Chem. Phys. Discuss., 13, 12541-12724, doi:10.5194/acpd-13-12541-2013.

Baklanov, A., V. Bouchet, B. Vogel, V. Marécal, A. Benedetti, K. H. Schliinzen (2015) Seamless
Meteorology-Composition Models (SMCM): Challenges, gaps, needs and future directions. Chapter 12 in
the WWOSC Book: Seamless Prediction of the Earth System: from Minutes to Months, (G Brunet, S
Jones, PM Ruti Eds.), (WMO-No. 1156), (ISBN 978-92-63-11156-2), Geneva, pp. 213-233, 2015

Bocquet, M., Elbern, H., Eskes, H., Hirtl, M., Zabkar, R., Carmichael, G. R., Flemming, J., Inness, A.,
Pagowski, M., Pérez Camafio, J. L., Saide, P. E., San Jose, R., Sofiev, M., Vira, J., Baklanov, A.,
Carnevale, C., Grell, G., and Seigneur, C.: Data assimilation in atmospheric chemistry models: current
status and future prospects for coupled chemistry meteorology models, Atmos. Chem. Phys., 15, 5325-
5358, doi:10.5194/acp-15-5325-2015, 2015.

Glasow, R., T.D. lJickells, A. Baklanov, G.R. Carmichael, T.M. Church, L. Gallardo, C. Hughes, M.
Kanakidou, P.S. Liss, L. Mee, R. Raine, P. Ramachandran, R. Ramesh, K. Sundseth, U. Tsunogai, M.
Uematsu, T. Zhu (2013) Megacities and Large Urban Agglomerations in the Coastal Zone: Interactions
Between Atmosphere, Land, & Marine Ecosystems. AMBIO, Journal of Human Enviro., 42 (1), 13-28.

Gonzalez-Aparicio, ., A. Baklanov, J. Hidalgo, U. Korsholm, R. Nuterman, 2014: Impact of city expansion
and increased heat fluxes scenarios on the urban boundary layer of Bilbao using Enviro-HIRLAM. Urban
Climate, 2014, 10(5): 831-845.

Gonzalez-Aparicio, 1., J. Hidalgo, A. Baklanov, U. Korsholm, R. Nuterman, A. Mahura, O. Santa-Coloma,
2012. Urban boundary layer analysis in the complex coastal terrain of Bilbao using Enviro-HIRLAM.
Theoretical and Applied Climatology. 01/2012; 110(4).

Klein, T. J. Kukkonen, A. Dahl, E. Bossioli, A. Baklanov, A.F. Vik, P. Agnew, K.D. Karatzas and M. Sofiev
(2012) Interactions of Physical, Chemical, and Biological Weather Calling for an Integrated Approach to
Assessment, Forecasting, and Communication of Air Quality. AMBIO, A Journal of the Human
Environment, 05/2012, DOI: 10.1007/s13280-012-0288-z

June 2015 This template is available at:

http://www.ecmwf.int/en/computing/access-computing-facilities/forms


http://pegasos.iceht.forth.gr/
http://www.transphorm.eu/
http://ceeh.dk/
http://aqmeii.jrc.ec.europa.eu/

Kong, X., R. Forkel, R. S. Sokhi, P. Suppan, A. Baklanov, M. Gauss, D. Brunner, R. Baro, A. Balzarini, C.
Chemel, G. Curci, P. Jiménez-Guerrero, M. Hirtl, L. Honzak, U. Im, J. L. Pérez, G. Pirovano, R. San
Jose, K. H. Schliinzen, G. Tsegas, P. Tuccella, J. Werhahn, R. Zabkar, S. Galmarini: Analysis of
Meteorology-Chemistry Interactions During Air Pollution Episodes Using Online Coupled Models within
AQMEII Phase-2, Atmospheric Environment, http://dx.doi.org/10.1016/j.atmosenv.2014.09.020, 2014.

Kukkonen, J., Olsson, T., Schultz, D. M., Baklanov, A., Klein, T., Miranda, A. I., Monteiro, A., Hirtl, M.,
Tarvainen, V., Boy, M., Peuch, V.-H., Poupkou, A., Kioutsioukis, 1., Finardi, S., Sofiev, M., Sokhi, R.,
Lehtinen, K. E. J., Karatzas, K., San José, R., Astitha, M., Kallos, G., Schaap, M., Reimer, E., Jakobs, H.,
Eben, K., 2012: "A review of operational, regional-scale, chemical weather forecasting models in
Europe"”, Atmos. Chem. Phys., 12, 1-87, doi:10.5194/acp-12-1-2012.

Kurganskiy A., A. Mahura, R. Nuterman, A. Rasmussen, A. Baklanov, S. Smyshlyaev, E. Kaas (2014):
Modeling of birch pollen concentrations using Enviro-HIRLAM. Abstracts of 14th EMS-2014 Annual
Meeting, 6-10 Oct 2014, Prague, Czech Republic, Vol.11, EMS2014-582

Kurganskiy A., A.G. Mahura, R.B. Nuterman, A.A. Baklanov, A. Rasmussen, E. Kaas, S.P. Smyshlyaev
(2015): Birch pollen modeling for Denmark: spring 2006 episode. Symposium on Coupled Chemistry -
Meteorology/Climate Modelling (CCMM): status and relevance for numerical weather prediction,
atmospheric pollution and climate research (WMO; Geneva, Switzerland; 23-25 Feb 2015).

Kurganskiy A., Mahura A., Nuterman R., Rasmussen A., Baklanov A., Smyshlayev S., Kaas E. (2014):
Enviro-HIRLAM birch pollen modelling. DMI Scientific Report 14-01, ISBN 978-87-7478-655-9, 40p,
(in preparation).

Kurganskiy A., R.B. Nuterman, A.G. Mahura, A. Saarto, A.A. Baklanov, A. Rasmussen, S.P. Smyshlyaev,
E. Kaas (2015): Enviro-HIRLAM birch pollen modelling for Northern Europe. 1* PEEX Science
Conference & 5" PEEX Meeting (Helsinki, Finland; 10-13 Feb 2015).

Langner, J., M. Engardt, A. Baklanov, J. H. Christensen, M. Gauss, C. Geels, G. B. Hedegaard, R.
Nuterman, D. Simpson, J. Soares, M. Sofiev, P. Wind, and A. Zakey, 2012: A multi-model study of
impacts of climate change on surface ozone in Europe. Atmos. Chem. Phys. Discuss., 12, 4901-4939.

Langner, J., M. Engardt, A. Baklanov, J. H. Christensen, M. Gauss, C. Geels, G., B. Hedegaard, R.
Nuterman, D. Simpson, J. Soares, M. Sofiev, P. Wind and A. Zakey (2012) A multi-model study of
impacts of climate change on surface ozone in Europe. Atmospheric chemistry and physics, Special Issue:
EMEP - an integrated system of models and observations in support of European air quality and policy,
12, 10423-10440, doi:10.5194/acp-12-10423-2012.

Mahura A., R. Nuterman, J. Palamarchuk (2015): Science-Education: Online Integrated Modelling of
Aerosol-Chemistry-Meteorology Effects using Enviro-HIRLAM. Symposium on Coupled Chemistry -
Meteorology/Climate Modelling (CCMM): status and relevance for numerical weather prediction,
atmospheric pollution and climate research (WMO; Geneva, Switzerland; 23-25 Feb 2015).

Miranda, A.l., A. Monteiro, H. Martins, A. Baklanov, K.H. Schluenzen (Eds.) (2014) Online Integrated
Modelling of Meteorological and Chemical Transport Processes. EuMetChem YSSS Education book.
COST Action ES1004, Univ. of Aveiro, WMO, Univ. of Hamburg, 132 p., ISBN 978-989-98673-3-8.

Morozova (Khoreva), E.I., S.V. Mostamandi, L. Rontu, K.P. Nielsen, A.A. Baklanov (2012) Direct aerosol
effects in the one-dimensional version of regional meteorological model Enviro-HIRLAM. Proceedings
of the Russian State Hydrometeorological University. A theoretical research journal. 2012, Issue 26. —
St.Petersburg: RSHU Publishers. ISSN 2074-2762.

Nuterman R., A. Mahura, A. Baklanov, A. Kurganskiy, B. Amstrup, E. Kaas (2015): Enviro-HIRLAM
Applicability for Black Carbon Studies in Arctic. Abstract submitted for the EGU-2015 (Vienna, Austria,
12 — 17 Apr 2015), Geophysical Research Abstracts, Vol. 17, EGU2015-1571.

Nuterman R., Korsholm U., Zakey A., Nielsen K.P., Sgrensen B., Mahura A., Rasmussen A., Mazeikis A.,
Gonzalez-Aparicio I., Morozova E., Sass B., Kaas E., Baklanov A. (2013): New developments in Enviro-
HIRLAM online integrated modeling system, EGU Gen. Assembly, Vol. 15, EGU2013-12520-1.

Nuterman R.B., Korsholm U.S., Nielsen K.P., Saas B.H., Baklanov A.A., Kaas E. (2015): Improvement of
Enviro-HIRLAM weather forecasting through inclusion of cloud-aerosol interactions. Abstract submitted
for the Symposium on Coupled Chemistry - Meteorology/Climate Modelling (CCMM): (WMO; Geneva,
Switzerland; 23-25 Feb 2015).

Nuterman Roman, Kristian Pagh Nielsen, Alexander Baklanov, and Eigil Kaas (2014): Evaluation of Enviro-
HIRLAM model and aerosols effect during wildfires episodes in Europe and Central Russia in summer
2010, Geophysical Research Abstracts, Vol. 16, EGU2014-15223

Nuterman Roman, Maarten Krol, Alexander Baklanov, Eigil Kaas Armelle Reca C. Remedio, Claas
Teichmann, Joni-Pekka Pietikédinen, Daniela Jacob, Natalia Sudarchikova, Guy Brasseaur (2014):

June 2015 This template is available at:
http://www.ecmwf.int/en/computing/access-computing-facilities/forms



Changes in clouds and precipitation: Assessment of the impact of changes in regional aerosol on clouds
and precipitation. PEGASOS Deliverable 12.2, 15 pp.

Nuterman, R., Korsholm, U., Zakey, A., Nielsen, K. P., Sgrensen B., Mahura, A., Rasmussen, A., Mazeikis,
A., Gonzalez-Aparicio, I., Morozova, E., Sass, B. H., Kaas, E., and Baklanov, A. (2013): New
developments in Enviro-HIRLAM online integrated modeling system, Geophysical Research Abstracts,
vol. 15, EGU2013-12520-1

Palamarchuk J., A. Mahura, S. Ivanov, I. Ruban, H. Pavlova (2015): Aerosol impact on atmospheric meso-
scale circulation over the Baltic region: A HARMONIE model case study and verification versus radar
data. EGU-2015 (Vienna, Austria, 12 — 17 Apr 2015), Geophysical Research Abstracts, Vol. 17.

Palamarchuk J., A. Pavlova, O. Krukova (2013): NUMLAB - Experiments with the MUSC atmospheric
column model, Chapter 9 “Influence of aerosols on atmospheric conditions”, p.58-66. Univ of Helsinki.

Palamarchuk J., 1. Ruban, H. Pavlova, S. lvanov (2014): Influence of aerosols on atmospheric variables in
the Harmonie model. Manuscript to be submitted for peer-reviewed sci. journal.

Palamarchuk J., S.lvanov, P.Tishin, I.Kopytchuk 1.Ruban (2014): The role of smoothing parameters in radar
data treating . Geophysical Research Abstracts , Vol. 16, EGU2014-2547

Palamarchuk J., S.Stepanenko, S.lvanov, |.Ruban, H.Pavlova (2014): Influence of aerosols on weather
conditions. Geophysical Research Abstracts . Vol. 16, EGU2014-821

Penenko V., A. Baklanov E. Tsvetova, A. Mahura (2012): Direct and Inverse Problems in a Variational
Concept of Environmental Modeling. Pure and Applied Geophysics 169 (3), 447-465.

Pleim, J., R. Mathur, ST Rao, J. Fast, A. Baklanov (2013): Integrated Meteorology and Chemistry Modeling:
Evaluation and Research Needs. Bulletin of the American Meteorological Society

Prank M., M. Sofiev, B. Amstrup, A. Baklanov, H. Denier van der Gon, C. Hendriks, X. Kong, A. Mazeikis,
R. Nuterman, S. Tsyro, S. Valiyaveetil, X. Vazhappilly Francis, J. Kukkonen, R. S. Sokhi (2014) :
Evaluation Of The Present And Future Air Quality In Europe Based On Transphorm Multi-Model
Ensemble. Abstracts of the Air Quality Conference, Mar 2014, Garmish, Germany; p. 161

Quinn, P.K., A. Stohl, A. Baklanov, M.G. Flanner, A. Herber, K. Kupiainen, K.S. Law, J. Schmale, S.
Sharma, V. Vestreng, K. von Salzen (2014) Radiative forcing by black carbon in the Arctic in “State of
the Climate in 20137, Bull. Amer. Meteor. Soc., 95(7): 124-125.

Sass B.H., A. Baklanov, F. Bouyssel and the HIRLAM-ALADIN Working Meetings Team (2015):
Integrated Meteorology-Aerosol-Chemistry Modelling for NWP Applications: Present Status, Future
Steps and Challenges. Symposium on Coupled Chemistry - Meteorology/Climate Modelling (CCMM):
(WMO; Geneva, Switzerland; 23-25 Feb 2015).

Sokhi, R., Baklanov, A., Schluenzen, H., Gryning, S.-E., Bartchvarova, E., et al., 2015: Mesoscale
Meteorological Modelling for Air Pollution and Dispersion Applications. Anthem Press, in press, 260 pp.

Sgrensen B., Kaas E., Korsholm U.S. (2013): A mass-conserving and multi-tracer efficient transport scheme
in online integrated Enviro-HIRLAM model, EGU-2013 General Assembly, Vol. 15, EGU2013-9186.

Zhang Y, M. Bocquet, V. Mallet, Ch. Seigneur, A. Baklanov (2012): Real-time air quality forecasting, part I:
History, techniques, and current status. Atmospheric Environment, 60, 656-676.

Future plans
(Please let us know of any imminent plans regarding a continuation of this research activity, in particular if
they are linked to another/new Special Project.)

A new proposal is in preparation for the Special Project “EnviroAerosols on ECMWEF: Enviro-
HIRLAM/ HARMONIE model research and development for online integrated meteorology-
chemistry/aerosols feedbacks and interactions in weather and atmospheric composition
forecasting” (to be coordinated by DMI) is to be realised in a close relation with several European
and national research projects as well as in a close collaboration with Universities (UoC -
University of Copenhagen, Denmark; UoT - University of Tartu, Estonia; ITU - Istanbul Technical
University, Turkey; OSEU - Odessa State Environmental University, Ukraine; UHMI — Ukrainian
Hydrometeorological Institute, Ukraine; UoM - University of Malta, Malta; RSHU - Russian State
Hydrometeorological University, Russia; ICMMG - Institute Computational Mathematics and
Mathematical Geophysics, Russia) involved into Enviro-HIRLAM/ HARMONIE research and
development tasks/activities.
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